Generalized Uncertainty Principle(GUP) leads to modification of fundamental volume ω 0 of accessible phase space for representative points. In this paper we consider the effects of this modification on thermodynamics of an ideal gas in microcanonical ensemble. 05.70.Ce, 51.30.+i 
Motivation
In ordinary statistical mechanics it is impossible to define the position of a representative point in the phase space of the given system more accurately than the situation which is given by (δq δp) min ≥h. In other words, around any point (q, p) in the (two dimensional) phase space, there exists an area of the order ofh within the position of the representative point cannot be pin-pointed. In a phase space of 2N dimensions, the corresponding volume of uncertainty around any point would be of orderh N . Therefore, it is reasonable to regard the phase space as made up of elementary cells of volume ≈h N . These cell have one-to-one correspondence with the quantum mechanical states of the system [1] .
In ordinary picture of quantum theory, we usually ignore the gravitational effects. Nevertheless, gravity induces uncertainty. Combining this extra uncertainty with usual uncertainty principle of Heisenberg, gives the generalized uncertainty principle(GUP). Therefore, measurements in quantum gravity should be governed by GUP. Several evidences are exist (from string theory [2] [3] [4] [5] [6] , non-commutative geometry [7] , loop quantum gravity [8] and black hole physics [9] ) which lead to GUP. All of these evidences have origin on the quantum fluctuations of the background spacetime metric(the so-called spacetime fuzziness [10] , and/or spacetime foam [11] ). A common feature of all promising candidates for quantum gravity is the existence of a minimal length scale on the order of Planck length. This intriguing aspect of quantum gravity has been investigated from different perspectives . A generalized uncertainty principle can be formulated as
The main consequence of this GUP is the existence of minimal observable length or finite resolution of spacetime. In fact, position measurement is possible only up to a multiple of Planck length, l p = Gh c 3 ∼ 10 −33 cm [10] . Therefore, it is impossible to set up a measurement to find more accurate particle position than Planck length, and this means that the notion of locality breaks down. Now it is obvious that the volume of uncertainty around any point of phase space increases due to extra term in the right hand side of (1). Using GUP, this volume is given by h 1 + β(δp)
. Since β is a positive quantity, this feature will decrease the number of accessible microstates for a given system. Our goal here is to calculate this reduction and investigate its consequences. We consider a simple system of monatomic ideal gas in the case of microcanonical ensemble. This issue firstly has been considered by Kalyana Rama [38] . He has discussed the effect of GUP on various thermodynamical quantities in grand canonical ensemble. Here we are going to consider the effect of GUP on thermodynamics of ideal gas in microcanonical ensemble. Although GUP is a model-independent notion, Its form is quantum gravity model dependent. As a result, there are more generalization of GUP relation which consider further terms on the right hand side of equation (1)(see [10] ), but in some sense regarding dynamics, equation (1) has more powerful physical grounds(from string theoretical view point, see [6] ). In which follows, we consider (1) as our primary input. This GUP has a minimal position uncertainty and there is no minimum uncertainty in momentum.
GUP and Thermodynamics of Ideal Gas
To illustrate the concepts developed in the preceding section, we derive here the thermodynamical properties of an ideal gas composed of monatomic noninteracting particles within GUP. In microcanonical ensemble the macrostate of the system is defined by the number of molecules N, the volume V and energy E of the system. In this ensemble, the volume ω of the phase space accessible to the representative points of the (member) system where have a choice to lie anywhere within a hypershell defined by the condition
is given by
where ω ≡ ω(N, V, E; ∆), and the primed integration extends only over that part of the phase space which conforms to the above condition. Since the Hamiltonian in this case is a function of the p's alone, the integrations over the q's can be carried out straightforwardly which gives a factor of V N . Now remaining integral
should be evaluated under the following condition
In the GUP framework we should consider the following two points [22] :
• In GUP particle's momentum generalizes. This generalized momentum is given by
• Due to generalization in momentum, energy will generalize to
With this two points in mind, up to first order in β, this hypershell equation is given by
Now integral (3) is equal to the volume of a 3N-dimensional hypershell, bounded by two hyperspheres of radii
Therefore we can write
where
Note that this gives half of the volume of relevant phase space(since ∆ ≪ E GU P ) and therefore we should multiply our final result with a factor of 2. Here C 3N is a constant which depends only on the dimensionality of phase space. Clearly, the volume element dΛ can also be written as,
to evaluate C 3N , we use the following formula,
where K ν (x) is the modified Bessel function of the second kind. Multiplying 3N such integrals, one for each of variables p i , we obtain
Therefore, it follows that
where using equation (9), can be written as
Here for simplicity we have defined n(β) = , where in limit of β → 0 is equal to √ π. Therefore we obtain
For ∆ ≪ E GU P , this equation leads to
Now, from equation (8), we find that (since N ≫ 1)
. . .
(16) Hence, the total volume of the phase space enclosed within hypershell is given by
There exists a direct correspondence between the various microstates of the given system and the various locations in the phase space. The volume ω (of the allowed region of the phase space) is, therefore, a direct measure of the multiplicity Ω of the microstates obtaining in the system. To establish a numerical correspondence between ω and Ω, we must discover a fundamental volume ω 0 which could be regarded as equivalent to one microstate. Once this is done, we can right away conclude that, asymptotically,
where in GUP, ω 0 is given by
where we have supposed that δp ∼ p. Finally, we find the multiplicity(total number of microstates) of the system as
Apparently, number of total microstates decreases in GUP due to increase of fundamental volume ω 0 .The thermodynamics of the system would then follow in the usual way, namely through the relationship,
In the absence of quantum gravitational effects, β = 0, we obtain standard thermodynamical results. Various thermodynamical quantities can then be calculated using equation (21) straightforwardly.
GUP and Thermodynamics of Extreme Relativistic Gas
In this section, we calculate thermodynamics of an ultra-relativistic monatomic noninteracting gaseous system within GUP. Using arguments presented in preceding section, the hypershell equation for ultra-relativistic gaseous system is given by
The number of accessible microstates for the system is proportional to the volume of this hypershell. In the same manner as previous section, we have
Here D 3N , is a constant which depends only to the dimensionality of the phase space. Now, since dΥ can be written as
to evaluate D 3N , we use the following integral formula
where, m(β) = . . .
whence it follows that,
Now, using equation (24), we find
Therefore D 3N is given by
Therefore, from equation (23) we have
(31) Hence, the total volume of the phase space enclosed within hypershell is given by
Now, since
we find finally
The thermodynamics of the system would then follow in the usual way through the following relation,
In the standard situation where β = 0, we obtain usual result. Various thermodynamical quantities can then be calculated using equation (36) . Once again, number of total microstates decreases leading to less entropy in GUP.
Summary
In this paper, using quantum gravity motivated generalized uncertainty principle, we have shown that fundamental volume ω 0 of accessible phase space for representative points increases due to gravitational uncertainty. This feature requires a reformulation of statistical mechanics since number of accessible microstates for given system decreases. We have considered an ideal gaseous system composed of noninteracting monatomic molecules within microcanonical ensemble. GUP as a manifestation of quantum nature of gravity, leads to reduction of accessible microstates of the system. We have considered to limits of classical and ultra-relativistic gas and in each case we computed complete thermodynamics of the system.
